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Background
Stress is a frequent cause of work-related complaints in modern society and increased mental strain and stress are important determinants of public health problems (Wilkinson and Marmot 2003) . Stress can be measured by biomarkers and/or perceived in responses to questionnaires. The hormone cortisol is commonly measured in saliva, blood, or urine. A drawback of these methods is that they do not reflect long-term stress exposure, only momentary stress. Cortisol measured in saliva and blood reflects current circulating cortisol levels, whilst cortisol measured in collections of urine reflects average cortisol concentrations up to 24 hours (Stalder and Kirschbaum 2012 ). An innovation for measuring long-term plasma cortisol concentrations is the assessment of cortisol in extracts from hair (Kirschbaum et al. 2006 , Koren et al. 2002 , Raul et al. 2004 , Mayer and Novak 2012 , Staufenbiel et al. 2013 . Cortisol is a lipophilic compound assumed to be incorporated into hair after diffusion from blood plasma circulating in the capillaries that supply the hair roots as the hair grows. Sebum and sweat secretions might be other minor mechanisms of incorporation. Hair grows at approximately 1 cm per month but may slightly vary between individuals depending on race and sex (Wennig 2000) . Thus, to obtain the average cortisol level reflecting the stress level during the last 3 months, a 3 cm long hair strand from the scalp outwards has to be cut from the vertex posterior. The cortisol levels in hair have found to be quite stable for at least 6 months and longer time periods (Davenport et al. 2006 , Van Uum et al. 2008 , Webb et al. 2010 ).
An increasing number of cross-sectional studies support the association between hair cortisol and different stressful conditions, but a more thorough understanding of the long-term effects of cortisol is warranted (Wester et al. 2014) . A variety of contexts, exposures, situations and populations have been studied including unemployment (Dettenborn et al. 2010) , shift work (Manenschijn et al. 2011) , young adults (Karlén et al. 2011) , living in a stressful community , and maternal influence on child (Karlén et al. 2013) , and also predictors of hair cortisol concentrations in older adults (Feller et al. 2014) , and cognitive performance for healthy older people (Pulopulos et al. 2014) . Associations between cortisol concentrations and different physical and psychological symptoms as also been reported like; chronic pain (Van Uum et al. 2008) , risk for heart infarction (Pereg et al. 2011) , depression and mental illness , Steudte et al. 2013 .
The individual's perception of stress or self-reported stress is not necessarily equivalent to stress measured by biomarkers. Self-reported stress can be measured by questionnaires and scales including the Perceived Stress Scale (PSS) questionnaire. PSS is a validated measurement of the extent to which situations in one's life are viewed as stressful (Cohen et al. 1983 ). However, there are several studies that did not find any or only weak associations between perceived stress and cortisol concentrations (Dettenborn et al. 2010 , Karlén et al. 2011 , Chan et al. 2014 , Lambert et al. 2014 , while this has been shown in some other studies (Kalra et al. 2007 . These diverse results of the association between cortisol levels measured in hair and perceived stress, indicates that further studies are needed to get a more thoroughly picture of the potential association (Wells et al. 2014) . Perceived health and it's potential association to levels of cortisol in hair has been analysed in a few studies (Karlén et al. 2011 ) accordingly this research question needs to be more explored. In general, the applicability of this method in epidemiological and public health studies engaging healthy people in different walks of life also needs to be more elaborated (Wosu et al. 2013 ).
Study aims
The aim was to investigate the possible relationship between perceived stress, self-reported health, and cortisol concentrations in hair amongst healthy and working middle-aged women from two different occupations.
Methods

Participants and study design
A cross-sectional study was conducted in women from two occupations in a county in southeast of Sweden. We decided to focus on two internationally quite common occupations; nurses and librarians. A hypothesis was that the workload for these two occupations might be different, with heavier workload and higher daily stress exposure on nurses than librarians. However, there are also similarities between these two occupations; women dominate both of them, they have about the same level of educational demand and also comparable salaries. The librarians worked at local Community libraries or at the University library. The nurses worked at the University Hospital employed by the County Council. Only nurses with ordinary day shifts (not nights) were recruited to participate in the study. General inclusion criteria were that the women should have hair of at least 3 cm in length. The sampling procedure in this study was convenience sampling, aimed to recruit at least have 50 persons from each occupation. Initially, a total of N = 112 women were recruited. Two participants had extremely high cortisol levels that distinctly stood out from the rest of the data since their cortisol levels was way over 2 SD from the mean, they were considered as outliers and omitted from the further statistical analyses. However, both of these two women were personally contacted and interviewed by telephone. The study thus rendered a total sample of n = 110 women, including n = 58 nurses and n = 52 library staff with a mean age of 45.8 (±11.7) years. It was unfortunately difficult to estimate the dropout rate, since all the women employed at each hospital clinic or library were offered to voluntarily participate by an open invitation. Of the contacted persons, some informed that they had no time to participate, while others declined to participate due to cosmetic reasons (recent hair cut). All participating women gave their informed and written consent to participate in the study.
Questionnaire
The participants were asked to answer a questionnaire including demographic variables such as age and occupation, and also possible confounders such as; tobacco use, longstanding medications, exercise habits, and if the respondent had colored or dyed/permed hair. Measuring tobacco smoking was a simple question whether the respondent at present or ever in the past had been a daily smoker. For medication, a question was asked whether the respondent at present used any long-standing medication in general and specifically whether the respondent at present used any medications including ointments, spray or tablets containing glucocorticoids (even specifying the most commonly used brands). Experiences of serious life events during the last three months including divorces, death of close relative, were registered. Furthermore, there were some questions about disease symptoms that may indicate stress, for instance, sleeping problems and stomach pain. All 14 items from the Hospital Anxiety and Depression (HAD) scale were included in the questionnaire (Zigmond and Snaith 1983) . The scale is divided into two parts, anxiety (HADA) and depression (HADD), both consisting of seven items each. The 10-item version of the Perceived Stress Scale (PSS) was also included in the questionnaire (Cohen et al. 1983, Cohen and Williamson 1988) . A version of the PSS translated into Swedish language was used (Eskin and Parr 1996) . The questionnaire including all these indicators has previously been applied in other studies from our research group (Karlén et al. 2011 ).
Analysis of cortisol in hair
Cortisol concentrations were expressed as pg/mg with a method developed in-house using a competitive radioimmunoassay in methanol extracts of pulverised hair. An approximately 3 mm thick hair and 3 cm long sample was cut close to the scalp from the posterior vertex area of the head. Hair cortisol concentrations in the 3 cm hair segments reflect the cumulative cortisol secretion over the previous 3-month period, based on an assumption of an average hair growth rate of 1 cm per month (Wennig 2000) . The hair samples analysed in this study weighted between 5 mg and 6 mg. In the laboratory, each sample was cut finely, put into a 2 mL QiaGenRB sample tube together with a 0.5 mm QiaGen stainless steel bead, and weighed on a Sartorius MC 210p microscale. The samples were put in specially made aluminium cylinders accommodating five 2 mL Eppendorf tubes and frozen in liquid nitrogen for 2 minutes. This was followed by mincing in a Retch Tissue Lyser II at 23 Hz for 2 minutes to produce a fine hair powder. The cortisol was extracted by adding 1 mL of methanol (Chromasolv, Sigma-Aldrich) to each tube and placing the tubes in a metal holder on a plate with a 5-degree inclination on a horizontal shaker at room temperature, keeping the steel beads in constant gentle motion within the tubes for a minimum of 10 hours. Finally, the tubes were centrifuged for 1 minute at 13 000 rpm at +4°C in a microcentrifuge, Thermo Scientific Heraus, Pico tm & Fresco tm 17/21, and 800 μL of the supernatant were moved to another plastic sample tube for lyophilisation in a SpeedVac Plus SC210A (Savant) using an Edwards XDS 5 vacuum pump for at least 2 hours. The samples were dissolved in radioimmunoassay buffer and analysed as described by Morelius et al. (2004) .
Hair samples of 3-10 mg are needed to maintain a total inter-assay coefficient of variation below 8% for hair extraction and measurement of cortisol by the radioimmunoassay. The intra-assay coefficient of variation for the radioimmunoassay itself was 7% at 10 nmol/L. The antiserum cross-reacts 137% with 5α-dihydroxycortisol, 35.9% with 21-deoxycortisol, and 35.9% with prednisolone, but less than 1% with endogenous steroids.
Statistical analysis and ethical approval
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS ver. 21). The cortisol concentrations were successfully log-transformed to a normal distribution before computing inferential statistics, since their distributions was skewed. The median and standard deviation were used as measures of central tendency and variation, respectively. The Pearson's correlation coefficient was used as measure of correlation. The bivariate correlations for perceived stress, self-reported health, depressiveness and cortisol levels were adjusted for age in multivariate linear regressions, p-values were considered significant if p < 0.05. The project was approved by the Research Ethics Committee at the Faculty of Health Sciences, Linköping University, Sweden, Dnr 2012/43-31.
Results
The median cortisol concentrations for the studied middle-aged women were 34.9 pg/mg with an interquartile range of 55.0 (CI 95% 36.7 to 63.8). There was a significant correlation between self-reported health and cortisol levels. The Perceived Stress Scale (PSS) as well as indications of depressiveness derived from the Hospital Anxiety and scale (HADD) were also significantly associated with cortisol levels, see Table 1 and Figures 1, 2 and 3. All these three health outcomes remained significantly associated with cortisol concentrations after adjustment for age in multiple linear regressions, as shown in Table 1 . Other measured health outcomes and sociodemographic factors did not show any significant associations with hair cortisol concentrations, including sleeping problems, stomach problems and longstanding illness. None of the potential confounders like; experience of serious life events, smoking, dyed/permed hair, exercise habits or use of ointments with cortisone, were significantly correlated with cortisol concentrations, see Table 1 . Nor was age significantly correlated with cortisol concentrations.
The comparison of the two occupations (nurses and librarians) reviled that there were no significant difference (p = 0.79) adjusted for age of their cortisol concentrations in hair. There were neither any significant differences (p = 0.32) in perceived stress scale or HAD-depression (p = 0.13) or HAD-anxiety (p = 0.17) between nurses and librarians (adjusted for age) in this study. However, nurses reported significantly (p = 0.04) better perceived health, adjusted for age, than librarians. Pearson correlation and cortisol concentrations. For the two persons considered as outliers in the study, special effort was made to obtain complementary information besides the questionnaire. Therefore, they were both interviewed by telephone. We hereby present them as 'case reports' within this study. Person A (a librarian aged 53 years) had a cortisol concentration of 16 300 pg/mg. This person reported that during the time period for the cortisol measurement, she had been on sick leave and was antidepressants since she had been exposed to severe violence at her work. Her individual values from the questionnaire was concerning PSS = 21p; HADA = 13p; HADD = 6p; self-reported health = 3). Person B (a librarian aged 33 years) had a cortisol concentration of 1 679 pg/mg. This person reported a stressful personal life situation due to a serious life event that had occurred during the months during which hair for the cortisol measurements had grown. Her individual values from the questionnaire was concerning PSS = 25p; HADA = 15p; HADD = 11p; Selfreported Health = 2. The values for these two outliers could be compared with the mean scores for the overall group that was for PSS = 15.5p (s.d. 6.5), HADA = 6.6p 
Discussion
The main findings in this study was that healthy middleaged women reporting high perceived stress and poor health as well as those with signs of depressiveness had elevated cortisol concentrations in extracts from hair. The association between perceived stress and cortisol concentrations in hair extracts found is of special interest, since the results of previous similar reports are mixed (Dettenborn et al. 2010 , Karlén et al. 2011 , Lambert et al. 2014 . Some previous studies like Kalra et al. (2007) showed that hair cortisol concentrations in pregnant women correlated positively and significantly with measures of perceived stress. A study comparing young adults in Greece and Sweden also found an association between high cortisol levels and PSS , while others have not found this association (Karlén et al. 2011 , Chan et al. 2014 . These diverse findings of this association indicates that further studies are needed to get a more thoroughly picture of the potential association (Wells et al. 2014) .
The indicator of self-reported general health has scarcely been included in previous studies of cortisol measurements in hair. In the few available studies were this variable was analysed like; Karlén et al. 2011 , and Feller et al. 2014 , a somewhat mixed result were found, also indicating that further studies of this association is warranted. Symptoms of depressiveness measured with HADD in this study were associated with elevated cortisol concentrations. Some studies reported that depressed individuals tend to have higher cortisol concentrations compared with controls and that stress may lead to depression, while other studies could not find a clear connection between high hair cortisol concentrations and depressive symptoms (Dowlati et al. 2010 .
In this study we did not find any significant difference in hair cortisol levels or perceived stress between nurses and librarians. Possible differences in workload and daily stress exposure between these two occupations might not be of that magnitude that it's depositing tracks that could be measured as biologically or perceived stress. Most previous research on cortisol in hair has focused on specific groups of individuals, certain stress exposures or patients with a variety of diseases, rather than on cohorts of regular and healthy people. Previous studies in this research area have mainly been cross-sectional. To further elucidate the mixed findings from previous studies, prospective studies are warranted.
Notably the associations between perceived stress, self-reported health, depressiveness, and cortisol concentrations were statistically significant, but in terms of correlations not so strong. Each of these three indicators explained only to a limited extent (around 5%) the variability of the cortisol concentrations. However, it is not uncommon that even established associations between different social or psychosocial factors and health outcomes only explain a minimal magnitude of the variation (Abelson 1985) . Care is warranted when interpreting individual cortisol concentrations despite the fact that the extracts from hair reflect cortisol built into the hair during months. We still do not know where in a cycle of periods of high or low stress exposure an individual is during the time period hair was collected for measuring cortisol concentrations. For the time being crosssectional measurements of cortisol in hair should therefore mainly be used when comparing groups. A question is how well the concordance is for humans between perceived stress, perceived health and the actual individual activity of the HPA-axis. This is a general research question that could be tackled in forthcoming studies.
In the present study, we did not found any associations with cortisol levels from the potential confounders that we measured in our study. We controlled for coloured or permed hair that might be a confounder for cortisol levels, but no such association was found in our study, which is in accordance with the results by Karlén et al. (2011) . In contrast, Sauvé et al. (2007) found lower hair cortisol levels in dyed hair. We did neither found any correlations between cortisol levels and other potential confounders like; pharmaceutical (cortisone) consumption, experiences of serious life events, level of exercise or smoking. In some previous studies associations was found between experience of serious life events and cortisol levels (Karlén et al. 2011 ) but another study failed to reveal consistent associations between different stress-related psychosocial measures and hair cortisol ). For substances used like alcohol and smoking and cortisol levels, the association is not clear (Wells et al. 2014 , Wosu et al. 2013 . Some studies have found that use of chemicals in hair treatments like; bleaching, dyeing, straightening, or permanent waves might interfere with the cortisol concentrations (Sauvé et al. 2007 , Manenschijn et al. 2011 , but other studies found no such effect (Dowlati et al. 2010 ). However, the use of hair spray, gel, and wax appear not to have any influence on hair cortisol levels (Manenschijn et al. 2011) . Other health indicators measured in this study like; chronic diseases, sleep disturbances, and stomach pain, were not significantly associated with cortisol concentrations.
The additional information gained from the case reports of the two persons considered as outliers in this study calls for special attention. To minimise the risk for bias due to methodological problems that might explain the high cortisol levels for these two participants, several measures were made. The procedure in our laboratory if outliers are detected is that their biological samples are replicated and analysed at two independent occasions, which was done for these two outliers, giving the same and stable results. Further, we ensured that these two persons had not used glucocorticoids recent months, which could be potential confounders possibly explaining these high cortisol values, that was neither the case. The research of cortisol concentrations in hair is still in it's initial stage. To our knowledge, no clinical standards or reference values have so far been presented, so the magnitude of the physiologically plausible cortisol in hair concentrations is unknown. In our present study, both women with extremely high cortisol levels had experienced severe life events either at work or in their social life during the retrospective period when the cortisol in hair was measured. About the same high magnitude of cortisol levels was found in another study where cortisol levels and stress were studied in young adults (Karlén et al. 2011) . In that study two out of four outliers that was interviewed reported severe mental problems. This previous study as well as the present therefore raises the hypothesis that measurement of cortisol in hair might detect serious life events and severe mental problems that have strongly affected the cortisol concentrations in plasma of the affected individuals.
Strengths and limitations
In this study, the sample consists of working middle-aged nurses and librarians. These two occupations were deliberately chosen to get a wider variety of workload and daily stress exposure in two female-dominated occupations, this could possibly be a limitation. An alternative sampling could have been to only focus on one occupation and thereby achieve more homogeneity or working women in general. However, educational level and salary were about the same for both occupations, making them comparable in these aspects. Strength in this study is that these studied women were "common people" and not "clinical cases" with internationally quite well known occupations. A limitation is that they are not representative of the general population and also that the study design is cross-sectional and not longitudinal correlating symptoms and cortisol concentrations in hair in samples repeated over extended periods of time where each person is his/her own control. The participating women were all working at the time of data collection so they could be considered as a relatively healthy cohort of middle-aged women. However, factors like age and sex could not be excluded as confounding factors in studies of cortisol in hair , Feller et al. 2014 . Our study only included women and age was adjusted for in the multivariate analysis. The sampling procedure used was a convenience sampling rather than a random sampling, which is a limitation in this study.
A strength with the questionnaire used is that both PSS and HAD are validated scales. The purpose of using these questionnaires was to measure stress level during the last 3 months, but the original scale of PSS is only validated for 1 month back in time, which might be a limitation in this study. The HAD scale only measures the anxiety and depressiveness levels 'right now' and not retrospectively. On the other hand, the presence of depressiveness or anxiety has a natural history that is backwards in time. The question concerning serious life events was only asked for events during the last 3 months, although events occurring earlier might have been very stressful and therefore could have affected the hair cortisol levels.
Another strength in this study was that the hair was cut into pieces as part of the analytical process in the laboratory to ensure that all analysed hair was from the latest three months. The possible uncertainty when extracting and measuring cortisol in hair samples has been minimized in this study since the applied method used has previously been tested in several previous studies (Karlén et al. 2011 , Karlén et al. 2013 . Compared with measuring cortisol in saliva, blood, and urine, measuring cortisol in hair has several advantages. Measuring cortisol in hair is a non-invasive method, it is possible to store hair at room temperature, and a non-professional can collect the hair sample (Raul et al. 2004 ). There is also strong evidence for a high level of intraindividual stability in hair cortisol concentrations (Stalder and Kirschbaum 2012) .
Conclusions
In conclusion, higher cortisol levels measured in hair during the past months are associated with; higher perceived stress during the previous month, lower perceived health and also symptoms of depressiveness for healthy and working middle-aged women. There were no significant differences in cortisol concentrations or perceived stress between nurses and librarians. The associations found in this study between different health indicators and cortisol levels measured in hair lend some support to the general applicability of this method in populationbased epidemiological studies.
